Most school-based smoking prevention studies employ designs in which schools or classrooms are assigned to different treatment conditions while observations are made on individual students. This design requires that the treatment effect be assessed against the between-school variance. However, the betweenschool variance is usually larger than the variance that would be obtained if students were individually randomized to different conditions. Consequently, the power of the test for a treatment effect is reduced, and it becomes difficult to detect important treatment effects. To assess the potential loss of power or to calculate appropriate sample sizes, investigators need good estimates of the intraclass correlations for the variables of interest. The authors calculated intraclass correlations for some common outcome variables in a school-based smoking prevention study, using a three-level model-i.e., students nested within classrooms and classrooms nested within schools. The authors present the intraclass correlation estimates for the entire data set, as well as separately by sex and ethnicity. They also illustrate the use of these estimates in the planning of future studies. Am J Epidemiol 1996; 144:425-33.
In school-based smoking intervention studies, randomization of schools rather than students to different treatment conditions is the usual approach to sampling (1, 2) . In this situation, the treatment effect must be evaluated on the basis of the between-school variance. Cornfield (3) pointed out that in randomization of schools to different treatment conditions, students contribute less information than they would if they were individually randomized to different treatment conditions. This occurs because the students within a school cannot be regarded as independent. As a result, the power of the test of the treatment effect is reduced (4) (5) (6) .
If the number of students per school is fixed, the loss of information due to the randomization of schools can be compensated for by increasing the number of schools. However, this has cost implications and is not always feasible. Thus, it is important to efficiently determine the appropriate number of schools needed to achieve the study's goals. This means that an accurate sample size calculation is needed in order to obtain the precise variance estimate and the power of the test of the treatment effect at a given level. An important aspect of sample size estimation is obtaining precise estimates of the intraclass correlations (the interdependence of the students within schools) for the outcome variables under study (7) .
The intraclass correlation coefficient (ICC) measures the relatedness of the students within a group, such as a school or classroom. It is the ratio of the variance component due to schools or classrooms to the total variance for individual students. If the total variance is denoted
where cr 2^, , is the component of variance between schools, a^ciass is the variance between classrooms within schools, and (T 1^^^^ is the variance associated with students within classrooms and schools, then the ICC for the students within schools is conventionally defined (1, 8) as ICC =
+
The ICC for the students within classrooms is defined as ICC =

+ +
Since the students within a classroom are more Likely to be similar than the students within a school, the ICCs at the classroom level are always higher than or equal to (if o 2 class = 0) the ICCs at the school level. For any specific outcome variable, the design effect (DEFF) is the ratio of the variance of an overall sample mean estimated from school means to the variance of an overall sample mean estimated from the students. Kish (9) defined the relation between the DEFF and the ICC as DEFF = [1 + (n -1) X ICC], where n is the sample size per school. Dormer et al. (10) defined DEFF as the inflation factor (IF). Since the DEFF is a function of n and the ICC, a zero ICC value is expected when DEFF = 1. While it is true that a positive ICC does not change the estimate of the overall mean for any outcome variable, the variance of the mean is changed (since the variance of the mean = {o i s xudcnt/ mn )
x IF' where m is the number of schools and n is the number of students in each school). In such a situation, the extra variance of the outcome variable can reduce statistical power substantially. Therefore, to assure a test that has a power of 1 -/3 with a level of significance, the number of schools needed per condition depends on the estimate of the ICC for the outcome variable. Accurate sample size estimation thus requires the availability of precise ICC estimates for the outcome variables under study.
Recently, analysis of mediating variables in smoking prevention studies has drawn attention. For example, Mackinnon et al. (11) demonstrated that changes in normative social beliefs mediated the effects of an intervention program on adolescent cigarette use. If we are to learn more about how prevention programs might work, future smoking prevention studies must be designed to focus on mediating variables as well as the outcome variables of interest. Consequently, it will be important in planning future studies to take into account the ICCs for mediating variables in order to assure adequate power for tests of interest.
The National Institutes of Health (NIH) recently instituted a policy that sex and racial/ethnic issues must be considered when developing research designs and sample sizes in studies that are supported by NIH grants (12) . This policy corresponds to the recent focus on assessing the efficacy of theory-based smoking prevention programs in culturally diverse populations. According to the NIH, a primary aim of intervention research is to determine whether or not the intervention being studied affects the sexes or members of various ethnic groups differently. The availability of ICCs for smoking-related outcome variables by sex and race will be necessary for designing future smoking prevention studies. While a few ICC estimates are available in the literature on school-based smoking prevention studies (1) , no one has yet attempted to estimate ICCs for smoking-related behavioral and mediating variables by sex and ethnic group. Consequently, the purposes of this paper are to provide estimates of ICCs (with standard errors) for some important smoking-related behavioral and mediating variables (henceforth called simply "outcome variables") in a school-based smoking prevention study, and to provide the estimates with respect to different sex and ethnic groups. We also show how to use these estimates to calculate sample sizes for future schoolbased smoking prevention studies.
METHODS Subjects
The data for this study were collected as part of the Television, School, and Family Project, a longitudinal research project concerned with adolescent smoking prevention in Los Angeles and San Diego, California (13, 14) . This project employed the most commonly used design in school-based health promotion studies, the nested cohort design. Randomization to various treatment conditions was made at the school level, while much of the intervention was delivered to students within classrooms. A cohort of 6,695 seventhgrade students from 287 classrooms in 47 public schools in Los Angeles and San Diego were surveyed at four time points. The students were pretested in January 1986 (wave A). Students who took the pretest completed an immediate postintervention questionnaire in April 1986 (wave B), a 1-year follow-up questionnaire in April 1987 (wave C), and a 2-year follow-up questionnaire in April 1988 (wave D). Of the original cohort of 6,695, 5,475 (81.8 percent), 4,854 (72.5 percent), and 3,729 (55.7 percent) were recontacted at waves B, C, and D, respectively. In the cohort at baseline, 49.6 percent of the students were female; 15.5 percent were black, 32.5 percent were white, 35.5 percent were Hispanic, and 16.5 percent were members of other ethnic groups (Japanese, Chinese, etc.-henceforth called Asians).
Attrition analysis indicated that smokers and blacks were more Likely to be lost to follow-up than the other groups (13, 15) . To deal with this issue of attrition for a given measure and wave, we first concentrated on students for whom we had available data on the measure at that wave (but not necessarily across waves or even across measures within the given wave). As a result, the number of students differed from measure to measure and from wave to wave. In a second approach, we also calculated the intraclass correlations for some of the measures considering only those students on whom we had available data for a given measure at all waves. The two approaches yielded very similar intraclass correlations; in particular, the correlations had the same pattern over time. Thus, we report here results based on the first approach (i.e., based on students with available data for the particular measure at the given time point).
Measures
Tobacco and health knowledge. Seven questionnaire items were used to assess students' knowledge of tobacco and health (tobacco knowledge). A student's score on die tobacco knowledge scale was the number of items the student answered correctly.
Social influences/resistance skills knowledge. Eight questionnaire items were used to assess students' knowledge of information taught about social influences/resistance skills (S/R knowledge). A student's score on die S/R knowledge scale was the number of items die student answered correctly.
Refusal self-efficacy. Two items assessed a student's confidence in refusing to smoke cigarettes. The refusal self-efficacy (refusal skill) scale score was the sum of the ratings for diese two items.
Coping effort. Three items assessed a student's efforts to resist trying cigarettes. A student's coping effort scale score was die sum of die student's ratings for die diree items.
Intention. Scores on two items designed to assess die intention to use cigarettes in die future were summed.
Prevalence of student smoking. Scores on two items designed to assess die prevalence of student smoking were summed.
Current smoking status. One questionnaire item was used to assess die current smoking status of die students.
The various scales and dieir reliabilities are described more fully elsewhere (13) .
(students nested widiin classrooms nested widiin schools) in an unbalanced design (numbers of students within classrooms and numbers of classrooms widiin schools were not constant), the ML3 multilevel analysis program (16) diat utilizes iterative generalized least-squares estimation was used to estimate die variance components for the outcome variables. Following die estimation of die variance components, die ICCs for die outcome variables at the school and classroom level were estimated using die formula given above.
For current smoking status, die possible responses were "yes" and "no." For diis dichotomous outcome, recently developed random-effects models for ordinal outcome data (17) were used to calculate die variance components after controlling for die treatment condition effects as before. Since, at present, diis procedure has only been developed for two-level data (18), our strategy was to fit two-level models of bodi students widiin schools (treating schools as a random effect) and students widiin classrooms (treating classrooms as a random effect). For current smoking status, it was always die case that once dummy variables for treatment were included in die model, die school variance component for die students widiin-school was very close to zero. We dius based our results for current smoking status on die students-widiin-classrooms model. For bodi die continuous outcomes and die dichotomous outcomes, the standard errors for each of die ICC estimates were calculated using die variance formula for die ICC originally derived by Fisher (19) and more recently described by Dormer and Koval (20) :
where n is die average (harmonic mean) number of students per school/classroom, m is die number of schools/classrooms, and p is die ICC estimate of die outcome variable.
Analysis
For each of die outcome variables except current smoking status, die ICCs were calculated at bodi school and classroom levels for each of die four waves. Since the treatment conditions had significant effects on mediating variables (13) such as knowledge, prevalence estimates, and coping efforts, we controlled for die treatment condition effects by including dummy-coded treatment condition effects as exogenous variables in the regression models used to calculate die variance components cr 2^, ,, o 2 class , and student f°r me outcome variables. The variance components were also computed separately for different sex and edinic groups. Since our data were multilevel Table 1 shows die estimated ICCs for each of die outcome variables at the school and classroom levels. As expected, ICCs at die classroom level were much higher dian diose at die school level. For example, die ICCs for tobacco knowledge at waves A, B, C, and D were 0.153, 0.131, 0.151, and 0.138, respectively, at die classroom level, and die corresponding ICCs at die school level were 0.098,0.082, 0.096, and 0.078. Over time, die ICCs for die outcome variables at die school level did not seem to follow any systematic pattern, instead remaining fairly consistent.
RESULTS
At the classroom level, the ICCs for die outcome variables generally decreased over time-e.g., die t SE, standard error; S/R, social influences/resistance skills. t At the school level, the program was not able to produce a nonzero variance estimate; thus, the intraschool correlation is not estimated as being different from zero in this case.
ICCs for current smoking status were 0.090, 0.074, 0.071, and 0.044 at waves A, B, C, and D, respectively. The ICCs for the tobacco knowledge, S/R knowledge, and current smoking status (only at the classroom level) scales were always higher than the ICCs for the coping effort, intention, refusal skill, and smoking prevalence scales. This means that students within the schools and classrooms were more clustered with respect to their knowledge and behavior than they were with respect to the mediating variables. Table 2 shows the ICC estimates for the scales by ethnic group. There was no obvious pattern in the changes in the ICCs over time with respect to race. To examine more formally whether detectable differences were present, we performed analysis of variance using the ICCs given in table 2 as the dependent variable and race, time, and the outcome scales as independent factors. The analysis of variance indicated that whites had, on average, the highest ICCs for all of the scales, blacks had the lowest ICCs for all of the scales, and Hispanics and Asians were intermediate. These results were maintained for both school-and class-level analyses. Table 3 shows ICC estimates for the outcome variables by sex. The ICCs for all of the outcome variables except current smoking status did not follow any systematic pattern (higher/lower) by sex at the school and classroom levels. Analysis of variance was carried out considering the ICC estimates given in table 3 as the dependent variable and sex, time, and the outcome scales as independent factors. The analysis of variance indicated that the ICC estimates for most of the scales were slightly higher for females than for males, hi particular, the ICCs for current smoking status were higher for females than for males at waves A, B, and C, but at wave D, they were similar. Thus, in terms of smoking status, females were more highly clustered than males at the early waves, though the degree of clustering decreased over time.
DISCUSSION
Most of the ICCs were clearly different from zero for all of the smoking-related outcome variables. Over time, the ICCs at the classroom level generally decreased. One possible explanation for the decrease in the ICCs over time might be that classroom level was defined in the seventh grade, and not all of the students stayed in the same classroom over time. The ICCs for the tobacco knowledge and S/R knowledge scales were higher than those for the smoking behavioral scales. The higher values of the ICCs suggest that students were more homogeneous in their knowledge of smoking consequences and social resistance than in their smoking behavior.
The ICC estimates by ethnicity indicated that whites were different from the other ethnic groups with respect to each of the knowledge and behavior scales related to smoking at early ages, but the difference diminished by later ages. One possible explanation is 
Class
• For some outcome variables, the program was not able to produce nonzero variance estimates; thus, the intraclass correlations are not estimated as being dfferent from zero In these cases.
t Since the sample size (n) waa Afferent for different scales within each wave, the rangs of nb tor the different scales within each wave Is given. t SE, standard error; S/R, social influences/resistance stdDs. § At the school level, the program was not able to produce a nonzero variance estimate; thus, the tntraschool correlation Is not estknaled as being different from zero in this case.
that parental influences might be more salient for whites than for the other ethnic groups at early ages, while at later ages, the influence of friends is more salient than parental influence.
Regarding sex, the ICC estimates for all of the variables except current smoking status were very similar, and they were also similar to the estimates in the combined data set. This indicates that for most of * Since the sample size (n) was different for different scales within each wave, the range of n's for the different scales within each wave is given.
t SE, standard error; S/R, social influences/resistance skills. | At the school level, the program was not able to produce a nonzero variance estimate; thus, the intmschool correlation is not estimated as being different from zero in this case.
the variables there was no differential clustering by sex at the school or classroom level. However, for current smoking status, the ICC estimates for females were higher than the estimates for males at waves A, B, and C, while at wave D, the estimates for males and females were similar. This implies that at earlier ages the females were more highly clustered in their smoking behavior. However, at later ages, the clustering within-classroom decreased, and the prevalence of current smoking among the female students did not vary greatly from classroom to classroom.
Implications
Several authors have discussed how to use external estimates of intraclass correlations in calculating the number of schools needed per treatment condition to detect a treatment effect (21, 22) . We will illustrate below the use of the ICC estimates for sample size calculation by assuming fixed Type I and II errors. We will also show that even very small ICC values can have dramatic effects on sample size estimation. The usual formula (22) used for sample size estimation when there are two conditions is n = {tan where n is the number of students required per treatment condition, t an is the value of the t distribution (for large n's, it is equivalent to the normal distribution) representing the two-tailed Type I error rate, t 1 _ p is the value of the t distribution representing the de-sired power level 1 -/3, 2 represents the number of treatment conditions to be compared, cr 2 is the variance of the outcome variable, and S is the hypothesized difference between the two treatment condition means. If we want to estimate the number of schools m (assuming n students from each school) required for each treatment condition, the modified formula is
where a^/n is the theoretical variance of the school mean. To include the expected intraschool correlation in the data, a 1 In must be multiplied by the IF (22): 2 (23) conventionally defined a small effect size as 0.2, a medium effect size as 0.5, and a large effect size as 0.8; here, we are considering only small and medium effect sizes in order to demonstrate the effect of intraclass correlation on sample size estimation. We used SSIZE, a program written by Hsieh (21) for sample size calculation with clustered randomization, for calculating the number of schools, m, at different levels of intraclass correlations, varying the number of students, n, from 30 to 150 in each school. From table 4 and figure 1, it is clear that the number of schools needed per treatment condition increases as the ICC increases.
Next we will illustrate the implications of the NTH's policy of considering sex and racial/ethnic issues in sample size estimation. Let us consider the ICC estimates for a particular outcome variable, e.g., current smoking status. The estimate for the entire data set at the classroom level is 0.090 at wave A. The corre.-sponding estimates for males and females are 0.074 and 0.141. Assume that the Type I and II error rates are 0.05 and 0.20, respectively, and that the expected mean difference between two treatments (the effect size) is 0.5, with variance a 2 -1.0. The estimated numbers of schools required at average classroom sizes of 30, 90, and 150 are eight, seven, and seven, respectively. We assume that the sex ratio at the classroom level is 0.5. The estimated numbers of schools for males at average classroom sizes of 15, 45, and 75 (50 percent of classroom size) are nine, six, and six, and the estimated numbers of schools for females are 13, 10, and 10 (shown in figure 1 ). Any statistical test for females based on the estimated number of schools using the ICC estimate for the entire data set will have less power than it would if sex were ignored. However, any test for females or males based on the estimated number of schools required using the ICC for the females (since the ICC estimate for the females is larger) will have at least the expected power or more. Therefore, the availability of ICC estimates by sex is important for estimating appropriate sample sizes for future smoking research, and consequently research findings based on the appropriate sample size will be of benefit to all subjects under study. In the same way, we can also demonstrate the importance of considering ethnicity in estimating the appropriate sample size.
Summary and conclusions
In school-based smoking prevention studies, analytic methods must account for the school as the unit of assignment to treatment conditions, and the adjustment is based on the intraclass correlation. In the absence of precise estimates of the intraclass correlation for outcome variables, sample size estimation will be incorrect. Several authors have published estimates of intraclass correlations for cigarette smoking and drug use. However, published estimates of intraclass correlations have been lacking for important outcome variables such as students' current smoking status, intentions to smoke, efforts to resist trying cigarettes, confidence in refusing to smoke cigarettes, tobacco and health knowledge, social influences/resistance skills knowledge, and smoking prevalence. In our study, the intraclass correlations for the outcome variables generally decreased over time. In this situation, the investigator may conservatively use the highest intraclass correlation in sample size estimation. The ICC estimates by sex and ethnicity were different from the estimates for the entire data set, and this paper demonstrates the implications of including sex and ethnicity in calculations of sample size. The availability of ICC estimates for smoking outcome variables in school-based smoking prevention studies is limited. Murray and Hannan (1) published the first ICC estimates for adolescent tobacco and drug use measures. Murray et al. (6) published ICC estimates for weekly smoking prevalence and number of cigarettes smoked in the past week. In both studies, the range of ICC estimates for smoking outcome variables was 0-0.07. This range coincides with the range of ICC estimates for prevalence of smoking and current smoking in this study (0-0.074), suggesting that ICC estimates from this study for prevalence of smoking and current smoking are generalizable. To our knowledge, no one has previously published ICC estimates of smoking prevalence or current smoking by sex and race. Since the data set we used had good representation of different sex and racial groups, we assume that our ICC estimates for the smoking outcome variables regarding sex and race are also generalizable. It also appears that no one has yet published ICC estimates for the mediating variables in a smoking prevention study. Since the sample size of our data set was relatively large and there was good representation of sex and race, we also expect the ICC estimates for the •mediating variables to be generalizable.
The availability of these external estimates of the ICCs for smoking-related variables should help investigators in designing future school-based smoking prevention studies. As more ICC estimates become available, the pooling of estimates across similar studies and outcome variables will allow researchers to estimate more precisely the required sample sizes for future smoking studies. The degree to which these ICC estimates can reasonably be used in studies of other health-related variables (besides smoking) is an important issue, one that we are currently examining. Hopefully, as more is learned about the degree of clustering of many types of health-related outcomes, investigators will be able to more efficiently design studies based on specific outcomes and specific sampled populations.
